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Schedule of Proceedings 

94FE0788A Tokyo MOLDING TECHNOLOGY ASSOCIATION in Japanese 20 May 94 pp i-ii 
[Text] ((FBIS Translated Text)) Sixth Photofabrication System Symposium Program 

1) Introduction of New Products 10:00 - 11:40 


a. Kira Solid Center, Noboru Kawaguchi, Kira Corporation 

b. Application of LOM Technology to Plastic and Metal Product Prototype Fabrication and 
Production, Brian Hsieh, V. P. Operations, Helisys, Inc. 

c. SOUP 1000 GA-SP, Yasuo Toriyama (unlisted), Shimetto (KK) 

d. Shape Modeling System "Meiko," Kunihiko Akiyama, Meiko (KK) 

e. SCR Series Resins for Photofabrication, Takeshi Watanabe, Japan Synthetic Rubber Co., 
Ltd. 


2) Overseas Information 11:40 - 12:10 
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--The Market, R&D Activities and Prospects-- 
Uwe Klossowski, Fraunhofer-Institute of Production Technology 


Afternoon Session 
3) Research Information 13:00 - 13:30 


Application of Photofabrication to Ceramic Molding 
Hiroyuki Noguchi and Takeo Nakagawa, Production Technology Research Institute, 
Tokyo University 


Photofabrication Method Problems and Solutions 

--Re STL File and Contraction Phenomenon-- 
Fumiki Tanaka and Takeshi Kishinami, Engineering Department, Hokkaido 
University 
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Eijiro Tagami (unlisted), D-Mec (KK) 


Sand-Mold Casting and Precision Casting With Models Made by Photofabrication 
Kiyoyuki Hikita, Kobe Shipbuilding Yard, Mitsubishi Heavy Industries, Ltd. 


5) Panel Discussion 14:20 - 16:25 
Medical Applications of Photofabrication, Problems 
6) Special Presentations 16:25 - 17:45 


A. Interfacing Three-Dimensional CAD and Photofabrication 
Fumihiko Kimura (unlisted), Tokyo University 


B. Photofabrication Model Applications to Metal Resin Composite MEZ 
Atsuo Ishikawa, Zeonraizu (KK) 
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Kira Solid Center 

94FE0788B Tokyo MOLDING TECHNOLOGY ASSOCIATION in Japanese 20 May 94 pp 1-8 
[Article by Noboru Kawaguchi, Kira Corporation] 

[Text] ((FBIS Translated Text)) 1. Introduction 


The Kira Solid Center is the world's first three-dimensional printer-plotter that uses the plain paper 
printer and plotter technology used in office automation (OA) equipment to achieve WYSWYG 
(what you see is what you get) in the office for solid shapes. This, in its origins, is unlike such 
conventional photofabrication systems as rapid prototyping machines. In this paper we will discuss 
the Kira Solid Center KSC-50 structure, process, and peripheral technology. 


2. Development Objectives 


The first development objective of the Kira Solid Center is, as noted above, to achieve a three- 
dimensional printer-plotter for office use. In order to achieve this objective, based on plain paper 
printing technology of the copier type (electrostatic transfer), the operation of applying a bonding 
agent directly to desired portions, cutting out the outline, and repeating this in a lamination process, 
this being the method which has been used conventionally for making maps, was adopted, and to this 
were added two existing technologies, namely cutter-plotter and hot press technology, to achieve 
automation. 


The second development objective was to achieve a "rapid production machine" which would be an 
important tool for reengineering (which combines office streamlining and factory streamlining into 
a new integrated streamlining), serve as a bridge between the office and the factory, and be more cost 
effective and perform better that existing production means so as to be worked into actual production 
processes. 


3. Configuration 


The Kira Solid Center KSC-50 is made up of the following essential elements, as diagrammed in 
Figure 1. 
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(1) PC: This is a high-performance DOS/V personal Hot press Paper Printer 





















unit feed unit unit 
computer. 
i} 
(2) Plain Paper Printer: This is a laser beam printer —— ——) 
which has a feed mechanism and can hold up to 1,250 . —=- 
sheets of plain paper. This is an ordinary printer that is ne 
equipped with a toner-strengthening feature. i= 





(3) Paper Feeder: The plain paper that is printed is 


Vv 
synchronously fed, while reverse feeding and by 
positioning feeding are also performed. Z 

Cutter Hot Paper Plain 
PC 


(4) Hot Press: This unit vertically positions the blocks plotter = press feeder = paper 
that are laminated on top of the moving surface plate, 
and performs press operations against the heated 
surface plate. 











Figure 1. KSC-50, External View 


(5) Cutter-Plotter: This is a cutter-plotter which incorporates a conventional professional bed-type 
plotter with special specifications, with a blade(s) having a measured life of approximately 5000 
sheets. 


These five elements are arranged in a modular configuration, as shown in Figure 1, so that they can 
be divided into three units, namely the printer unit (plain paper), feeder unit (paper feeding 
mechanism and PC), and hot press unit (hot press and cutter-plotter). This makes the system very 
flexible and facilitates future development. 


4. Process 


The aforesaid three elements create solid shapes, following a process called the "selective bonding 
hot press method." This is depicted in Figure 2. 


A. Cioss-Swuoinal Paiiemnm Data Processing: Based on solid shape data taken in from the outside, the 
PC (1) creates cross-sectional pattern data for the printer and for the plotter, after performing 
dimensional compensation. 


B. Selective Application: Bonding [sic] is printed by the printer (2) on the requisite places on the 
plain paper, following the cross-sectional pattern data sent from the PC (1). Then, the printed plain 
paper is discharged to the paper feeder unit. Furthermore, the toner printed (with) in this operation 
functions both as bonding agent in the D operation (described below) and provides support. 


C. Paper Feed, Reversal: With the paper feed mechanism (3), the printed plain paper is subjected to 
vertical reversal, positioning, and timing, and sent to the hot press unit. 


4 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 























@Hot press © Cutter-plotter 




















° c y 
—/ _Sf < >, 


A. Cross-sectional B.Selective C.Paper feed D.Molding, heat- E. Cutting 
pattern data application reversal bonding, height 
processing measurement 


Figure 2. Configurational Elements and Selective Bonding Hot Press Method 

















D. Molding, Heat Bonding, Height Measurement: With the hot press (4), the printed plain paper is 
positioned to laminated blocks on the moving surface plate, then the moving surface plate is raised, 
pressed with a heated upper die, thus performing molding and heat bonding, and bonding (the paper) 
to blocks in the layers. At this time the height is measured for thickness correction. These 
measurements are sent to the PC (1) and aid in fine height correction. 


E. Cutting: The moving surface plate of the hot press (4) is lowered to the proper height relative to 
the bed-type cutter-plotter with the bed pulled out, a condition is created like that in which the plain 
paper is flat against the bed in the cutter-plotter, and cutting is done by the cutter. In other words, 
the unnecessary portions are separated from the plain paper on which the desired portions were 
bonded in operation D described above, and a separation edge is made. Moreover, the unnecessary 
portions remain as they are, functioning as support. After completion, the cutter returns to the 
standby position, the moving surface plate descends to its proper position, and the system waits for 
the next printed plain paper to be sent from the paper feed unit. 


F. Lamination Completion: The foregoing operations A - E are repeated, laminating until the desired 
height is reached. After the lamination is complete, the laminated blocks are removed by hand. 


G. Peeling: By taking the laminated blocks that are taken out and separating them from the 
separation edge by hand, thus peeling them off several sheets at a time, the unnecessary portion is 
removed, and the desired shape is obtained. 
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Taking out the blocks in operation F above and operation 
G are done by hand. If necessary, it is permissible to 
grind/polish the surface to remove steps caused by 
surface lamination, to apply a ceramic coating to improve 
wear-resistance, or to perform sputtering or other surface 
treatment to make a plated finish. In Figure 3 is depicted 
a block taken from operation F. In Figure 4-1 the peeling 
in operation G 1s depicted. In Figure 4-2 the unnecessary 
portion is shown after peeling. 








© 
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Figure 3. Completed Block Before Taking Out 
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Figure 4-1. Peeling Operation Figure 4-2. Pecled-Away Unnecessary Portion 
5. Features 


In order to make the system usable in the office, paper lamination was automated, with attention 
given to the following points. In selecting methods, thorough consideration was given to 
preprocessing and post-processing, as noted in Table 1. 


(1) Handling Ease of OA Equipment 


In order to achieve the ease of handling of OA equipment, the key components used are mass 
produced for office use. More specifically, The toner that constitutes the ink for the laser beam 
printer is positioned as the bonding agent, and a laser beam printer that prints with toner is used as 
the unit to automatically and selectively apply bonding agent to the desired portions. Also, a cutter- 
plotter is used as the unit to make automatic cuttings. In other wo.ds, an important evaluation 
criterion for the toner is its bonding property (permanence) on plain paper in conventional 
applications, and this toner fully exhibits the functions of hot-melt bonding agents on plain paper. The 
cutter-plotter is used widely in cutting color film for signboard print and in cutting cardboard. This 
is a unit which has been used widely in cutting single sheets. Furthermore, as a means of supplying 
material, plain cut paper is used, with a view to ease of replenishment, employing the paper supplying 
mechanism of the laser beam printer. Also, the plain paper itself functions to provide support during 
lamination, without being conscious of it (sic), so no special advance preparations are necessary. The 
post-treatment involves only plain paper peeling and surface finishing, so this is easy too. 
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Table 1. Method Comparison 











plastic resin powder) 


Method Slective bonding hot Solid laser sintering Solid lithography 
press 
Support Solid backing Powder backing Liquid hardening 
Material Piain paper toner (thermo- | Thermoplastic resin powder | Photo-hardening resin 


liquid 





Bonding energy source 


Hot plate flat press 


CO, laser 


UV laser 
































Bond atmosphere Office environment N, gas, high temperature Constant temperature 
Applications Three-dimensional printer, | Lost wax Modeling 
wood models 
Hardening deformation | Medium Medium Large 
Model strength Small (on par with wood Medium Medium 
model) 
Model impact resistance | Medium Small Small 
Model precision Medium Medium Medium 
Model color Lamination of paper and Milky white Clear/dyed 
toner 
Model surface (after Smooth Granular Smooth 
polish’ 
Process speed Medium Medium Slow-medium 
Preprocessing None in particular Warm-up Support fabrication 





Post-processing 


Plain paper peeling, 
surface polishing (surface 
treatment) 


Cool-down, surface 
polishing (surface treatment) 


Ultrasonic cleaning, 
secondary curing, support 
removal, surface polishing, 
equipment washing, 
material disposal 



































Equipment cost Low High Low-High 

Running cost Low Medium High 

Material life No No Yes 

Waste treatment Low-temperature Melting High-temperature 

incineration incineration 

Handling Easy Difficult (high-temperature, | Difficult (liquid resin, 

N, gas, powder resin) cleaning, rehardening 
support removal 

Maintenance Easy Difficult (laser beam axis) Difficult (laser beam axis) 
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Method Selective bonding hot Solid laser sintering Solid lithography 
press 
Safety High Medium (N, atmosphere) Medium (imtants) 
Auxiliary equipment None Much Much 
Environment Office Factory Constant-temperature 
room 
Equipment size Medium Large Small-large 

















(2) Safety of OA Equipment 


In order to secure safety, despite the problem with blade life, use of such new cutting technologies 
as the very dangerous CO, gas laser technology was eschewed in favor of classical but reliable 
technology in which a knife is used which is loaded into a holder like the pen holder in a sen plotter. 
In controlling the temperature in the hot press unit, safety measures are implemented to prevent 
paper scorching, giving due consideration to the properties of plain paper. 


(3) Material Used in OA Equipment 
To facilitate waste material disposal, the only materials used in this system are the plain papers and 
toners used in ordinary office copiers. Compared to materials such as photo-curing resins which are 


difficult to dissolve and incinerate, disposal of these materials is easy, and they can be handled just 
as ordinary duplicated documents. 


(4) OA Equipment Environment 


The environmental conditions such as temperature and humidity are the same as OA equipment, so 
the system can be used in an office environment without installing any special exhaust ducts. 


(5) OA Equipment Design 


The system was designed so that it would not seem out of place in the office. The height (excluding 
the display) is only 103 cm so it can be located anywhere in an office layout. 


(6) Smooth Cut-Surface Shapes 


In order to achieve smooth cut surfaces so that large shapes can be formed by combination, a flatbed 
type of cutter-plotter is used to facilitate single-brush drawing. 


Furthermore, attention was given to the following points in order to achieve a rapid production 
machine with effectiveness and costs compatible with incorporation in production processes as an 
important reengineering system. 
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(7) Low-Cost Marketed Units Used 


In order to achieve a performance to cost ratio of 1/5, already marketed units (printers, plotters) 
were procured and modified. The unit cost of the printer was cut to a tenth of what it would be if 
newly developed. 


(8) High Precision With Low-Cost Plain Paper 


In order to cut running costs to a fifth, plain paper is used, but innovations were implemented with 
the toner printing, lamination height formation, and temperature and pressure controls to achieve the 
same degree of strength and shrink ratio as in a wooden model. 


(9) Preparation of Power Supply Only 
The system is designed to make special auxiliary equipment unnecessary. The press needed in a heat- 


bonding operation is motorized, electric power is made the only energy source, and special 
preparations such as air are unnecessary. 


(10) Easy To Install 
The installation area is a small 2.1 x 1 meters, the weight is approximately 600 kg, the system is 


finished for placement in an office, and, so that the system can be loaded into an ordinary elevator, 
it breaks down into three sections. Assembly and installation are also simple. 








(11) Easy To Maintain 


As ordinary OA equipment, the consumable materials are easy to 
replace, and the components that are periodically replaced are easy 
to procure and change out. The toner and the cutter blades comes 
in cartridge form. There are also rubber components in the printer 
which must be periodically replaced, and an overhaul is required 
after each 100,000 layers or so. By employing a modular structure, 
however, access to needed components is easy. 














(12) Strength of Materials Figure 5-1. Tensile Strength Test 


Plain paper and resin powder toner are used as the materials, so the 

laminated materials made with this system have roughly the same strength as the materials used in 
wooden models, and there is little variation in strength. In Figure 5-1 a tensile strength test is 
depicted. The plots in Figure 5-2 compare the strength found in these tests between laminated and 
wood materials. 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 





























Since the features discussed above were added when Tensile strength 

this system was developed, the differences when 0. wood 

compared to the analogous methods listed in Table 2. |= [~~ 

are apparent. Also, as seen in Table 3, there are f, Comosite = a 
applications suitable for various pieces of equipment. In } 4| material 

the future, equipment will be developed for applications | » ? 

not yet covered, such as functional models, so that ’, 2 ; ‘ 5 
customer needs will be met. Sample No. 











Figure 5-2. Comparative Strength in Wood 
Materials and Laminar Materials Made With This 
System 


Table 2. Solid Backing Laminar Method Comparison 




































































Product name KSC-50 LOM-2030 Solider 4600 j 

Method name SAHP LOM SGC 

Method Selective bonding hot press | Laminate object Solid backing cunng 
manufacturing 

Manufacturer Kira Corporation Helisys Cubital 

Material Plain cut paper, toner Special roll paper UV-curing resin, water- 

soluble wax 

Bonding energy Hotplate (medium Hot roller (high temperature), | UV lamp 

source temperature) flat press roller pressing 

Processing Cutter knife, molding press | CO, laser knife Air knife, flying cutter 
(50 W) 

Automatic support Plain paper with toner Special diced paper Water-soluble wax 

pattern 

Work shape Simple Simple Complex 

Precision +0.1% +0.25mm +0.1% 

Ply thickness 0 Imm (Z) 0.25mm (Z) 0.15mm (Z) 

Environment Office Factory: laser cooler, exhaust | Factory: temperature and 

humidity control, exhaust 

Safety High Medium (automatic Medium (machine tool) 
assimilation) 

Reliability Medium (paper Low (paper processing) Low (toner, wax processing) 

processing) 
Maintenance time Short Long (laser light axis) Large (cleaning) 
Consumable parts Knife blade -- lon cartridge 
10 
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| Product name KSC-50 LOM-2030 Solider 4600 
Replacement parts Drum kit, printer Plotter gear, CO, gas laser Filter, erase rod 
Preprocessing None Light axis adjust Warm-up, cleaning 
Post-process Low difficulty Medium difficulty Medium difficulty 
Table peeling Easy Difficult Medium difficulty 
Unneeded portion Manual, low difficulty Manual, medium difficulty Wax cleaning, medium 
removal difficulty 
Material costs Low Low High 
Machine cost Low Medium High 
Work size 400 x 280 x 300 750 x 500 x 500 350 x 350 x 350 
System size 2.1x1x 1m 2.1x 1.3.x 1.3m 4.3x14x2.8m 
Application Three-dimensional printer, | Large wood models Complex models 








small wood models, 
models 














Table 3. Various Methods and Applications 





























L Material Process Application Manufacturer | 
Solid support Plain paper, Hotplate, printer, Three-dimensional Kira Corporation 
powder resin cutter, press printer, small wooden 
(toner) models 
Special paper Heat roller, CO, laser | Large wood models Helisys 
J UV-curing resin | UV-lamp applicator, | Complex models Cubital 
air knife, flying cutter 
Powder support | Resin powder CO, laser, roller Complex loss models DTM 
Ceramic Ink jet, roller Low-pressure forms Soligen 
powder, 
compounds 
Liquid UV-curing resin | UV laser, thin fabric | Micro-models, large 3D Systems, C-MET, 
thin-material models D-MEC, Mitsui & Co., 
DuPont, EOS, Meiko, 
Ushio Electric 
Visible light- Visible-light laser, Micro-models Denken Engineering 
curing resin thin material 
Gas support Wax Applicator Loss models FDM 
J) 























1] 
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6. Applications 


The Kira Solid Center makes it possible to obtain solid shapes with unprecedented ease, as in 
operating OA equipment. It is ideal for fields--such as those noted below--in which the shapes are 
not too complicated but for which such systems have been too expensive until now. 


(1) Three-dimensional printers to verify free-curving shapes in CAD rooms: As printers proliferated 
with the proliferation of OA equipment, it is altogether possible that three-dimensional printers will 
proliferate together with the proliferation of reengineering and virtual reality, to satisfy the demand 
for WYSWYG. 


(2) Presentation model fabrication system: We are seeing more dedicated three-dimensional CAD 
systems which, given a customer's request, can make a three-dimensional design on the spot. If these 
results are implemented in this system, it becomes possible to produce an object at low cost which 
the customer can touch with his hands as well as see with his eyes. Unlike CAD, this model can be 
carried off by the customer, and viewed from any direction. These are great advantages. 


(3) Mockup fabrication system: This provides a system for fabricating mockups for making 
presentations to customers or engaging in simultaneous engineering in which relatively simple shapes 
used in household goods and the like are made easy to use and low in production cost. Particularly 
in cases where joint development work is done with foreign parties, the data can be sent over a 
network, and models fabricated with this system. This is much faster than sending the actual model. 


(4) Three-dimensional map production system: This system is particularly well suited for the 
production of three-dimensional maps. It employs a method that is analogous to methods used to 
produce three-dimensional maps for use in large civil engineering projects like dam construction, 
both before and after construction is completed. Also, if the printer in this unit is replaced with a 
color printer, it is thought to be possible to write in three-dimensional information of all sorts in color 
on the map. 





(5) Wooden model fabrication system: The three- 
dimensional shapes produced are finished in a condition 
in which resin is contained in the fibers in the paper, 
which are wood fibers, giving the shapes characteristics 
that are extremely close to wooden models. After the 
three-dimensional shape is completed, if the surface is 
finished and it is treated with a ceramic coating, it should 
be usable in fabricating a casting sand mold of about 800 Figure 6. Wooden Model Fabrication Examples 
shots. Examples are depicted in Figure 6. 














In Figure 7, examples are represented for cost comparisons between wooden models made in the 
conventional way and those made with this system. The costs are roughly the same. Moreover, this 
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cost is the cost when the three-dimensional data are ZZ) Cost 
available, being the estimated cost of commissicned , 525d Production time oo 
fabrication when the wooden model is completely finished. | 99. 9 . 
9@, 08 18 
(6) Model fabrication system: If the three-dimensional shape _—- — - 
fabricated is surface-finished and surface-treated (plated), | ¢y 99 | y; 12 
this becomes a system for fabricating models of lustrous | se, eee —VY J 16 
d 4,000} J, , 
products. —— : 
(7) System for fabricating loss models for precision casting: | 10,000 2 
Since roughly the same characteristics as wooden models . ner teedian andal . 
are exhibited, the system can fabricate the loss models Figure 7. Wooden Model Fabrication Cost 
possible with wood. Comparisons 


(8) Simple mold and die fabrication system: The pressure 
resistance is relatively high and heat resistance is exhibited close to 100°C, it is possible to use the 
system for fabricating simple molds and dies. 


(9) System for fabricating models for plastic and oral surgery: In plastic and oral surgery, lost bone 
is restored with ceramic material. Models are fabricated of the lost portion for this purpose. Based 
on the healthy bone that is on the other side of the body from the Ic st bone, and three-dimensional 
data obtained with CT scans, the lateral difference is determined, a model of the lost portion is made 
with this system, and the ceramic bone is fabricated. This system can be installed adjacent to the CT 
scanner and operated by the CT scanner operator, making it suitable and practical as a rapid 
production system for use in hospitals and clinics. 


(10) System for fabricating enlarged denture models. The system can be used to make enlarged 
models of teeth for studying the fit of dentures, making it safe and useful in the dentist's office. Also, 
contour lines can be made with toner on the model surface, making it possible to use these models 
as jigs for checking bite closure. 


(11) System for fabricating jigs for checking the shapes of rubber products, etc.: By treating the 
surface of the models fabricated with this system for wear-resistance, it is possible to use the models 
as jigs for checking the shapes of products made with rubber or other soft materials. 


7. Development--Background, Future 


As diagrammed in Figure 8, when computers began to proliferate in the late 1960's, Xerox touted 
the idea of the paperless office, while in the manufacturing field group controls were implemented 
on NC machine tools. In the early 1980's Ethernet began to be widely used in offices, and multimedia 
computers were developed. In the manufacturing field, CIM and MAP began to proliferate. As a 
result, in offices in the United States, OA was promoted. Not only did this sharply raise the 
productivity of white-collar workers, but, in the manufacturing field, simultaneous engineering began 
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to show astonishing results. As a consequence, looking at Japan's case, new production systems were 
implemented in which computers and high-speed communications networks were employed in what 
is called reengineering to create integrated databases and remove waste from production systems, 
making them slimmer. What must not be overlooked here is that the United states, in order to surpass 
Japan in its production technology, has been learning from Japanese production technology, and 
employing advanced U.S. computer technology in devising production systems which suit the 
American situation. Thus Japan, contrariwise, should learn from what is good in the United States, 
merge those things together with Japan's diversified technology, and exploit its ability to provide 
good, inexpensive products that local consumers will appreciate. 
































When I, who devised this | Office | | Production site| 
system, came up with the | ;, 

world's first marketable desk- Late 1960's Paperless office Group control 
side plain-paper printer that Late 197 O's Plain paper printer (1979) 

used the copier method 1980's ETHERNET MAP 
(indirect electrostatic Multimedia CIM 
copying), I realized the Simultaneous engineering 

possibility of implementing a 1990's Reengineering 
three-dimensional printer. Waste elimination through data integration, standardization 
Enjoying the guidance of Higher performance/price ratio 
professor Nakagawa of the Three-dimensional copier = Rapid production machine 
Production . Technology 1994 dy Reg Ae 
Research Institute at Tokyo 

University, famous for his Figure 8. Development Background 


research on laminated molds 

and dies during the 1970's and 1980's, and exploiting my own experience with simultaneous 
engineering in the United States, I developed this system. Based on the three-dimensional databases 
that are predicted for the future for eliminating waste in office design, this system can turn out 
objects in the office, at low cost, which can be used practically in manufacturing. In the office, this 
system aims to be a "three-dimensional copier," while in manufacturing it seeks to be a "rapid 
production machine." 


In other words, by integrating and standardizing data in such fields as planning, surveying, strategy, 
control and management, purchasing, design, presentation, design [sic], prototyping, equipment 
design, equipment fabrication, trials, product manufacturing, tests, component production, sales, and 
service, thereby eliminating waste in the input and drafting operations, we are trying to make the Kira 
Solid Center a system that can be placed anywhere in the office, just like a copier or printer, and to 
promote user-friendliness, in this system and in such peripheral systems as CAD/CAM and three- 
dimensional measuring equipment. We are also working hard to develop applications technology in 
practical industrial fields. 
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8. CAD/CAM System 


In order to operate this system efficiently, the three-dimensional data must be well organized, and 
the productivity of the CAD/CAM system that furnishes this data is critical in enhancing overall 
productivity. When used for rapid production, in particular, things which are difficult to design using 
conventional CAD, which must be left up to the know-how of the local designer, or which involve 
prohibitively detailed or minute design work, can be processed easily with this system. We also 
expect a dedicated system to be developed which includes finishing know-how. 


For this system, we are first developing a CAD/CAM system that can handle STL formatted data 
involving computational errors, gaps, or overlaps, automatically combine these three-dimensionally, 
and perform editing in an interactive mode. With this CAD/CAM, moreover, IGES or STL-format 
three-dimensional data or point-series data (under development) can be handled, solidified, and then 
turned into cross-sectional pattern data. Also, in order to put the detailed finishing touches on various 
kinds of three-dimensional data taken from design CAD, mechanical design CAD, or three- 
dimensional measuring equipment, the fabrication of surfaces such as apex pieces containing an even 
number of boundaries or gradually changing fillets becomes easy. It is also easy to produce solid 
shapes from line drawings. Furthermore, it is planned that this CAD/CAM system will be compatible 
with data from a number of CAM systems which produce NC data, so it can be used after model 
fabrication for NC machine tools. 


9. In Conclusion 


Please let me know your opinions, particularly if you have any requests concerning ways in which 
we can develop further applications for this system or otherwise improve it. 


In developing this system, I received valuable opinions from professor Nakagawa, already mentioned, 
and also from the people at Fuji Xerox and the Israeli company Cubital. The people involved in this 
field over at Sanyo Engineering & Construction also cooperated greatly, as did the folks at the Aichi 
Government Industrial Technology Center (in conducting the strength tests). I wish to express my 
deep appreciation to all of these people. 
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Shape Modeling System 'Meiko' 

94FE0788C Tokyo MOLDING TECHNOLOGY ASSOCIATION in Japanese 20 May 94 pp 16-19 
[Article by Kunihiko Akiyama, System Operation Department, Meiko Co., Ltd.] 

[Text] ((FBIS Translated Text)) 1. Introduction 

This system was developed from the research gains made in the "development of a manufacturing 
enhancement system for jewel and precious-metal products" that was conducted mainly by the 
Yamanashi Government Industrial Technology Center for the purpose of creating higher added value 
for the polishing and jewel industry which is typical regional industry in Yamanashi Prefecture. 

In April 1993, Meiko was given the rights to manufacture and sell this system, by Yamanashi 
Prefecture, through the Yamanashi Prefectural Mechanical and Electronic Industrial Association, and 
since then has been marketing the system. 


2. System Characteristics 


This system was made into a product for use as a design model development and fabrication tool for 
jewelry products. 


The system is made up of CAD software built around a three-dimensional surface modeler suitable 
for creating jewelry product designs, CAM software to produce NC data from the design data 
created, and a photofabrication system. 


2.1 CAD Software 


This software can produce the unique shapes and complex curved surfaces of jewelry products with 
simple manipulations. 


For example, for a ring shape, the cross-sectional shape is entered, a "rotate" command is executed, 
and the shape is easily generated. 
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A rendering feature is included to express the solid images procuced by the modeler in an easy-to- 
understand manner. 


This software does not require a specialist to operate it. Even a designer can learn how to operate 
it in a short time. 


2.2 CAM Software 


This software creates contour data from surface data modeled, and then, with simple manipulation, 
generates NC data for photofabrication. 


The NC data generated is sent to the photofabrication unit via an RS-232C port. 


















































2.3 Photofabrication Unit errenennne: iee 
— ; , 1 board 
This unit uses a low-output laser and has innovative vaniadons _ 
features which enable relatively small solid objects RS-232cC-— 
like jewelry and art products to be fabricated with 
high preci ion. It has a secondary curing unit built | (ya-peteg) CAM software 
into It. pitecsecseeceseceseens 
CAD — CAD software 
The NC data that comes in through the RS-232C =| *--v-se-s.-- ‘t 
port is read and executed by a control board which DXF (Three-dimensional data) 
is also built in. Figure 1. 


2.4 UV-Curing Resins 


These are acrylate resins developed jointly with the Shikoku Chemical Corporation. The primary 
curing is adequate with the low-powered laser, so that fabrication precision is enhanced. 


After the secondary curing, the objects are used as jewelry products, etc. They have about the same 
hardness as rubber prototype models. 


The resins are low-viscosity, so workability is enhanced, and they are also exceptionally safe to use. 
3. Re Applications for Jewelry Products 


In designing jewelry products, the designer's image is embodied in a design drawing (usually a flat 
drawing looking down on the jewel) called a paper design. 


In fabricating the prototype, the designer and the prototype fabricator visually communicate through 
the paper design, and the prototypes are handmade, primarily in silver, one at a time, by a skilled 
prototype fabricator. 
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(Making the ring image) 
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Prototype fabrication (silver, etc.) 


(Handmaking process requiring skill) 
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Wax model fabrication 


(Multiple models fabricated 
if for mass production) 
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Figure 2. Example of Jewelry Product 


(ring, etc.) Fabrication Process 


The prototypes so fabricated are transferred to rubber molds 
(female molds) using silicon rubber. 


These rubber molds are then used to form wax models. A 
casting process based on the lost-wax method using plaster is 
then passed through to yield a hollow frame that becomes the 
basis of the product. 


This hollow frame is then subjected to jewel fitting and other 
finishing processes on its way to becoming a finished jewelry 
product. 


In this manner, the jewelry product fabrication process flows 
in a definite way, facilitating division of labor. However, many 
of the fabrication processes are difficult to mechanize, and so 
currently must be done by hand. 


3.1 Prototype Fabrication Support 
This system is designed to provide support for prototype 


fabrication, a process in the course of jewelry product 
manufacture which currently requires considerable skill. 









Shape Prototype 


fabrication 
know-how 


ae, 


Figure 3. 


acdeling system 














Not all of the prototype fabrication process can be replaced. 
The models made with the photofabrication unit must be 
additionally processed and modified, using prototyping know- 
how built up over long years, then used as a prototype for the 
rubber mold. This makes it possible to shorten the prototype 
fabrication lead time and to lower production costs through 
labor savings. 


18 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














3.2 Image Transmission Support 


The jewelry fabrication processes are being subjected to specialization and division of labor, with 
design development and prototype fabrication each done by specialists who wield great skill. 


The image is perfected as the designer and prototype fabricator communicate, through discussions 
and comments made on the paper design. 





Demand diversification 
By means of CRT imaging using rendering functions, ( 
and hard copy output, it is hoped that the images can 
be transmitted faster and more definitely. 









Prototype 
fabricator 






By using these to communication with the business or 
sales department, diverse customer demand can be 
responded to promptly, facilitating a more wide-angle 
business strategy. 






Shape modeling system “Meiko” 









We present this as a design development and prototype (Prototype) 


fabrication support system which can respond to 
diversifying demand for jewelry products, cut product 
fabrication lead times (so that products are supplied 

















Image ¢ 2 Embodimen 
faster), and save labor in prototype fabrication. —_ — 
Figure 4. 
4. System Specifications 
Software Action Environment 
(OS) 
_ OS based on UNIX SVR4 
(Windows System) 
X Windows System (X11RS5) 
(Hardware) 
Main memory 32 MB recommended 
Hard disk 500 MB or more 
Display High resolution, 17 inch or larger 


Photofabrication Unit Specifications 





(Overall Specifications) 
Outer dimensions 1000 x 700 x 1350 mm (W x Dx H) 
Power supply Single-phase AC 100V 15A 
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(Fabrication Unit) 


Laser He-Cd laser 
Wavelength 325 nm 
Initial output 10 MW 
Drive unit X-Y plotter system 
Work size 160 (X) x 120 (Y) x 100mm (Z) 
Laminar layer interval Minimum 0.05mm or so 
(Control Unit) 
Dedicated control board used 
External I/F RS-232C 
Special NC commands 
(Special Resin) 
FC Hard UVM-8000 
Composition Acrylate 
External appearance Colorless-pale yellow transparent liquid 
Manufacturers Shikoku Chemical Corporation 


Tokyo Development Center 
(Other) 
Secondary curing unit built in. 


4. In Conclusion 


Some dramatic improvements are being made in the cost/performance ratios of computer equipment. 
The environment is becoming increasingly amenable to the implementation of CAD/CAM/CAE. 


Even in the world of jewelry and art products, which has its own unique culture, such computer 
equipment is being employed, and products are making their appearance which provide services (sic). 


The shape modeling system "Meiko" is a user-friendly system that fits right into the jewelry and art 
object culture, providing high-quality services (sic) in support of product planning, design 
development, and prototype fabrication operations. 





We will continue to evolve so that we can provide more sophisticated services such as a network 
environment. 
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SCR Series Resins for Photofabrication 

94FE0788D Tokyo MOLDING TECHNOLOGY ASSOCIATION in Japanese 20 May 94 pp 20-24 
[Article by Takeshi Watanabe, Tokyo Research Laboratory, Japan Synthetic Rubber Co., Ltd. ] 
[Text] ((FBIS Translated Text)) 1. Introduction 


Since the practical implementation of photofabrication systems using photocuring resins in 1988, 
equipment and resin manufacturers have been working hard to improve the molding precision 
therewith. Currently the industry is just about to achieve the goal of 0.1 mm molding precision. In 
order to improve the molding precision, it is necessary to coordinate efforts at equipment 
development, resin development, and fabrication technology development. In the past few years, 
thanks to efforts by fabrication equipment manufacturers, equipment performance has improved 
markedly, and we think the groundwork has been laid for achieving the 0.1 mm precision. On the 
resin front, meanwhile, as moldings have come to be used in various applications, not only molding 
precision, but various other characteristics such as dynamic characteristics, heat resistance, and 
micro-machinability are being demanded. This has made development work all the more difficult. 


In this paper we wish to introduce the characteristics of the SCR series of photocuring resins which 
were developed for the Solid Creation System (SCS) developed by SONY and DMEC. We will also 
briefly discuss new products which exhibit both molding precision and dynamic properties in the 
moldings. 


2. Demand for Resins for Photofabrication 


Currently, various types of resins are being marketed by a number of resin manufacturers. The basic 
designs of these are different in some cases, and each has its own characteristics. The typical resins 
are radical-polymer urethane acrylates, radical-polymer epoxy acrylates, cation-polymer epoxies, and 
cation-polymer vinyl ethers. Domestic equipment manufacturers and resin manufacturers often pair 
off one on one, and it is not easy for a user to select the proper resin. 


As photofabrication technology has advanced, the demands for photofabrication resins have gradually 
become clear. The main characteristics demanded in a resin are listed in Table 1. The purpose of 
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using the molding differs from user to user, so these demands naturally differ also. It is desirable to 
select a resin that exhibits characteristics which match one's objective. 


Table 1. Major Demands for Photofabrication Resins 





Moldability, Manipulability 
- Fast molding speed 
- High degree of safety 
Molding Precision 
- High dimensional precision in moldings 
- Little deformation in moldings 
- Micro-machining possible 
Molding Characteristics 
- Outstanding dynamic and other physical characteristics 
: Little color 














3. SCR Series Characteristics 


The SCR series of resins developed by Japan Synthetic Rubber are UV-curing, urethane-acrylate 
photofabrication resins. We developed resins exhibiting outstanding mechanical characteristics in the 
moldings, based on the UV-cured resins developed for optical fiber coating materials. Each grade 
of resin in the SCR series has its own characteristics, established so that the user can make selections 
based on his purpose or application. Representative characteristic values are listed in Table 2. 






































100 
In Figure 1 is given a diagram which |__ Reinforced polyesters 7” 
. ° ~ — a 
compares the dynamic properties of the ‘ Phenol resins 
SCR series resins with conventional resins S10 Polycerbenstes 
and metals. The SCR series resins exhibit | 2 Polyamide Ceramics 
the toughness characteristic of urethane- $ Various JF luorine resin 
acrylate resins, which are close to those of | § types elyethylen Nehloriat 
polycarbonates. Even when used as a | @ 1 |Tvbber 
; ee ry Urethane rubbers 
working model, the characteristics are close | = SCR series 
. . o 
to those in the actual product, will holda | § 
screw, and even seem to click into place in 0.1 1 l ! l 1 
certain applications. Another feature of 1 10 10% 10° 10° 





urethane acrylates is the ability they afford 
to freely control the dynamic properties. It 
is also possible to fabricate moldings which 
exhibit rubber-like elasticity. 


Modulus of elasticity (kg/mm?) 
Figure 1. SCR Series Dynamic Characteristics 








With the exception of SCR 310, the viscosity is held below 1000 cps, so liquid surface leveling is 
good, and fabrication times can be shortened. Another characteristic of urethane acrylates is their fast 
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Table 2. Representative SCR Series Characteristic Values 
Large Heat High 











Application Stan- Thin Mold- Resis- Preci- Low 
dard _layer ing tance sion warp 

Viscosity (cps@25°C) 400 190 330 850 850 1700 
Density (g/cm’@25°C) 1.08 106 1.07 1.08 1.11 1.08 
Tensile elasticity (kg/mm’) 100 140 100 150 160 = 120 
Tensile strength (kg/mm’) 32 60 30 38 60 40 
Break stretch (%) 5 15 45 15 10 30 
Bending elastic modulus (kg/mm’) 150 270 180 230 270 140 
Bending strength (kg/mm’) 63 103 63 89 103 4.7 
Rockwell hardness (R) 115 119 41S 116) 115 92 
Izod impact strength 

With notch (kg-cm/cm) 2 3 3 2 2 15 

Without notch (kg-cm/cm) 17 15 19 16 18 47 
Thermal deformation temperature (°C) 54 50 = 46 65 75 43 
Glass transition temperature (°C) 95 93 85 130 140 110 











curing speed. With 200 micron laminations, it is possible to raise the scanning speed to 1 m/sec or 
higher with a liquid surface irradiation of 40 to 50 MW/cm’. 


Attention has also been given to safety, with only raw materials used having a P.I.I. (the skin 
irradiation index) of 2.0 or less. The resin P.I.I. values are 0.5 for SCR 300, 0.8 for SCR 400, and 
less than | for SCR 500. 


Responding to users’ requests to improve SCR 100 to 400, we developed new resins called SCR 500 
and SCR 310. We now briefly discuss the characteristics of these new grades. 


4. SCR 500--Resin for High-Precision Fabrication 


There had been many requests from users wishing to mold finely detailed models, but this was 
difficult to achieve due to problems of inadequate resolution and resin strength. SCR 500 is a resin 
that was devised for molding precision models. It is designed specifically for the SCS 100 HD which 
employs an He-Cd laser. This resin features high resolution, the ability to faithfully reproduce finely 
detailed sections, and high green strength, so that even extremely thin surfaces and columns do not 
deform during molding.’ This resin is also quick-curing, so that fabrication time can be shortened 
even when there are many laminate layers. In Figure 2 are given micrographs of very small connector 
models made with SCR 500. We see from this that lines and spaces on the order of 200 to 300 
microns can be faithfully elicited. 
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Figure 2. Micrographs of Very Small Connectors Molded With SCS 1000 HD Using SCR 500 





5. SCR 310--Low-Warp Resin 


Until now, increasing the dimensional precision of photofabrications has been hindered by 
deformation during and after fabrication. SCR 310 was developed to solve this problem. It is 
designed with a lower resin curing contraction ratio and with higher green strength to prevent 
deformation during fabrication. Jn order to further suppress deformation over time, the resin is 
designed so that the reaction is nearly completely finished at the time of laser curing. Using either the 
JSC 2000 or JSC 3000 to make a model roughly 20 cm square, the molding precision can be kept 
within 0.1 m. Deformation is far less than with conventional resins, even in large models. The 
molding precision data are presented in Table 3, although these will differ according to the model 
shape and size. Even higher molding precision can be achieved, depending on the fabrication 
technology and support transfer position, etc. At any event, it is evident that the modeling precision 
is better than before by another order of magnitude. 


Table 3. Molding Precision Values Using SCR 310 
(These will fluctuate depending on the molding shape, size, and fabrication method.) 


Small molding Large molding Conventional 
< 10 cm square <20 cm s large moldin 











Resolution 
Resolution in XY plane < 40 um < 40 um <200 pm" 
Resolution in Z direction™ <400 um <400 um <800 pm 
Deformation 
During laser curing <100 um <300 ym s Imm 
After curing <100 pm <300 pm s Imm 
Over time after molding <500 ym s Imm ~ Smm 











*1: Using old type scanner 
*2: Can be eliminated by offsetting 
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The Izod impact strength of models molded with 
conventional resins is lower than ABS, and are 
plagued with the problem of cracking when used 
as working models. SCR 310 moldings, as shown 
in Figure 3, have been improved to where they 
have the same level of impact strength as do 
ABS resins. Accordingly, compared to the 
previous SCR series, the new resins exhibit 
characteristics closer to general-purpose resins, 
and can withstand use in actual products. 


6. In Conclusion 


We believe that the SCR series resins are closer 
now to general-purpose resins in terms of the 
dynamic properties of the moldings, which can be 
used not only as working models but as the 
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Polyamide 
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Polystyrene 
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ABS resin 
Polycarbonate 
Epoxy resin 


SCR310 


— 
oO 




















] 10 100 








Notched impact strength (kg-cm/cm) 





Figure 3. SCR 310 and General-Purpose Resin Izod Impact 
Strength (with notch) Comparisons 


actual product. In addition to the grades previously available, we have now developed SCR 500 and 
SCR 310, making it possible to create finely designed moldings with outstanding dynamic 
characteristics and moldings which exhibit little deformation. From the standpoint of achieving both 
molding precision and dynamic characteristics, we believe that these resins are ideal for use in 
photofabrication. In Table 4 the photofabrication resins developed by SONY and DMEC are 
summarized for the reader's reference. Many cases of using this equipment and the SCR series of 
resins have been publicized at scientific meetings in Japan and abroad.”* 
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Table 4. Solid Creation System Specifications 
SCS-1000HD JSC-2000 JSC-3000 | 
































Optical System 
Laser He-Cd laser Ar laser Ar laser 
Modulation unit < High-speed modulator------------> 
Deflection unit Galvano murror (compensating for sweep-induced defocusing and distortion) 
Drawing range Max 300 x 300mm Max 500 x 500mm Max 1000 x 800mm 
Spot size 0.05-3.0mm auto 0.15mm or less 0.3mm or less 
XY sweep speed Max 1000mm/sec Max 5000mm/sec Max 5000mm/sec 
Mechanical Unit 
Vertical range 270mm or less 500mm or less 500mm or less 
Vertical position display < -0.001mm units > 
Tank capacity 39 liters 210 liters 520 liters 
Temperature control < 50°C or less > 
Main unit dimensions 1380 x 1100 x 1590 1650 x 1400 x 1800 1900 x 1550 x 2500 
Control Unit 
Data controller NEWS (SONY work Station) 
*1/4 CMT unit built in 
*3.5" FD unit built in 
*286-640M hard disk built in 
*Ethemet interface standard equipment 
Power Unit 
Power supply AC100V/10A AC200V(3ph)60A AC200V(3ph)60A 
Cooling water < 8.5 liters/min > 
Power for controller AC100V/20A AC100V/20A AC100V/30A 
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Application of Photofabrication to Ceramic Molding 
94FE0788E Tokyo MOLDING TECHNOLOGY ASSOCIATION im Japanese 20 May 94 pp 33-38 


[Article by Hiroyuki Noguchi and Takeo Nakagawa, Production Technology Research Institute, 
Tokyo University] 


[Text] ((FBIS Translated Text)) 1. Introduction 


In recent years, besides the conventional use of photofabrication methods in making models, their 
use in various applications has been reported in the societies and elsewhere. One of these is the 
attempt to make forms by photofabrication. One example of a simple application is the use of 
photofabricated models in place of wooden molds for casting. It is also possible to process the 
castings and use them as metal molds. There is also the method of using the photofabricated model 
in place of the wax in the lost-wax method of precision casting. The photofabricated model is coated 
with a fire-resistant powder and sintered, after which the photofabricated model is discarded leaving 
the cast shell of fire-resistant material. The models made by photofabrication lack the strength of 
metals, but there is a method in which metal or ceramic powder is mixed into the photocuring resin. 
After this resin is used and photocured, a model (form) of enhanced strength is produced directly. 
There are also reports of increasing the volume of powder added and then, after degreasing the 
molding, sintering this. Another method that is employed is to transfer the photofabricated model to 
a rubber mold, fill this rubber mold with resin, by vacuum injection, and thus duplicate many copies 
of the model. Many other applications are being attempted besides these. 


The purpose of our research is to develop a technique of using a transfer method to produce ceramic 
products from photofabricated models. We did not want to use a transfer method which employs 
bulky equipment. So we conducted tests, transferring the photofabricated model to a rubber form, 
then using the rubber form to obtain an alumina-ceramic model by the slip-casting method. We now 
report on the results of our studies on these transfer methods. 


2. Test Method 


In ordinary slip-cast molding, the excess binder in a ceramic slurry is absorbed by a form made of 
plaster or other porous material to fabricate the molding. However, plaster forms have a short usable 
life, and the shape precision they offer deteriorates with every use. 
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On the other hand, in CIM and the like where a metal mold is used to form an injection molding, the 
binder quantity is reduced to the limit of injection fluidity (37 vol% or so), high pressure is applied, 
injection molding is performed inside the metal mold, and moldings of good shape precision are 
obtained. However, this method requires bulky equipment, and, with thick moldings, since there are 
polymers in the binder, long degreasing times are required. 


This being the situation, in our research, we employed innovations to perform ceramic powder 
molding with the ease of slip-cast molding. Since the excess binder cannot be absorbed with a rubber 
form, the binder volume becomes a critical point with this modeling method. When there is a lot of 
excess binder in the molding process, the molding itself breaks up after degreasing; if there is no 
excess binder, flow-in molding cannot be done. 


3. Test Method Features 


(1) Ceramic powder granularity distribution 

(2) Innovations with deflocculant 

(3) Selection of room-temperature curing binder 
(4) Selection of binder which is easily degreased 


The specimens tested are listed in Table 1. For the ceramic powder we used alumina powder (AL- 
170: mean granule diameter 2 microns) made by Showa Denko in the tests. In the preliminary tests, 
three types of alumina powder, having mean granule diameters of 0.3, 2, and 5 microns, respectively, 
were blended in various ways, and the amount of binder needed for flow-in molding was measured. 
It was not possible to reduce the binder amcunt. 


Table 1. Test Specimens 








Ceramic powder Alumina, made by Showa Denko (KK) 
Product number: AL-170 
Mean granule diameter: 2 um 

















Deflocculant Seruna #E-503, made by Chukyo Yushi (KK) 
Binder Paraffin 
EE Melting point: 50-52°C 








The use of a deflocculant was a main factor in reducing the binder amount, but, for the amount of 
deflocculant used in the course of the test moldings, 2 wt% relative to the alumina powder was found 
to be ideal. 


In ordinary slip-cast molding, by absorbing the excess binder with the plaster form, the strength and 
density of the slurry build-up is raised, form-removal strength is exhibited by drying each plaster 
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form, and the ceramic molding is taken from the plaster form. With a rubber mold, the excess binder 
cannot be taken out, making it impossible to raise the slurry density after the flow-in molding, so 
either the excess binder amount must be reduced, or the added binder itself cured, to elicit the 
strength to withstand demolding. When a polymer binder is mixed into the binder, the degreasing 
time becomes long, for which reason it is thought that the thickness of the photofabricated model 
cannot be great, so that an easily degreased binder is preferred. 


This being so, paraffin was selected as the binder for the test. It is a liquid when heated and solid at 
room temperature, with a melting point from 50°C to 52°C. No other binder besides paraffin is 
added, so degreasing is easy even when the molding is thick. 


4. Molding Process 


The molding process used in these tests is diagrammed in Figure 1. First, the requisite materials were 
introduced into a kneading machine (Mikkusurabo, made by Moriyama Seisakujo) and heated to 
70°C. Then this was kneaded at 50 rpm for 10 minutes. The kneaded materials solidify below 50°C, 
but the temperature of the materials is not high, so the handling of the kneaded material is relatively 
simple. In the molding process the rubber mold and the kneaded material is heated to about 70°C 
in an electric oven. After the set temperature is reached, flow-in molding is performed on a vibrating 
table. Solidification takes a lot of time with natural cooling, so liquid cooling or the like is performed. 











otofabri- Reverse model fabricated 








L_ powder’ 
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Figure 1. Ceramic Powder Molding Process 


The material composition is noted in Table 2. In this research, the binder and flocculent quantities 
have a great effect on post-degreasing shape breakdown; in these tests two types of blending 
experiments were conducted. These are 43.2 vol% and 47.8 vol%, combining the paraffin and 
flocculent. These additive amounts are a little on the high side, since slip-cast molding is performed, 
but if a slight pressure can be applied during the molding process, the binder amount can be further 
reduced. In these tests, however, since the sealed type of rubber form was not used, when pressure 
is applied the rubber form expands and deforms, so we decided to go with non-pressurized flow-in 
molding. 
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Table 2. Material Blending Ratios 





































































Blend: 1 
| Material Specific gravity Weight Volume Volume ratio 
ee ee (2) 

Alumina 3.9 936 240 56.8 
Paraffin 0.9 144 160 37.9 
Flocculent 0.8 18 22.5 5.3 J 

Blend: 2 

| Material Specific gravity Weight Volume Volume ratio 

(g/cm*) (g) (cm?) = | 

Alumina 3.9 858 220 52.2 
Paraffin 0.9 162 180 42.7 
Flocculent 0.8 17 21.3 5.1 


























After molding, if the materials are solidified by cooling, the molding is removed from the rubber 
form, and the strength of this green molding is an important factor in molding. 


In Table 3 the compression strengths of the green moldings are noted. The test piece dimensions 
were 10 x 20 mm. The tests were conducted at 0°C and 20°C to study the effects of the test 
temperature. The maximum load did not differ at these two test temperatures, but the 0°C test piece 
exhibited little deformation until it buckled. There was little difference in strength relative to binder 
quantity, and satisfactory handling strength was exhibited in both cases. 


Table 3. Compression Strength of Moldings 


Test temperature: 20°C Test temperature: 0°C 























Blend number | Buckling load Blend number | Buckling load 
(kg/cm*) | a a/em? 
l 134 127 
2 122 IL 2 127 











In Figure 2 is depicted the photofabrication model used in the transfer tests. The dimensions are 
roughly 60 x 50 x 30 mm. This may be a little on the large size for a molding containing binder. 
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Figure 2. Photofabrication Model Dimensions 


The molding degreasing method is depicted in Figure 3. 
An alumina container is filled with spherical alumina 
beads (CB-A60, made by Showa Denko), and 
degreasing is performed with the molding half buried in 
these beads. We also conducted degreasing with the 
molding completely buried in the spherical alumina 
beads, but when this was done the degreasing time 
tended to become slightly longer. Nevertheless, there 
was almost no dimensional change after degreasing, so 
no cracks were induced by the degreased body contracting or by friction with the alumina beads. 
With Blend 2 in which the binder quantity was greater, thin moldings deformed under their own 
weight during degreasing. Thus, when the binder quantity is large, it seems to be better to conduct 
degreasing with the molding completely buried in the spherical alumina beads in order to prevent 




















Molding completely buried 
Figure 3. Degreasing Method 

























































































deformation. 
700 
We tested molding degreasing speed using five |< ¢ @} |9 
different temperature-raising procedures as |~ eo] |Y . 
plotted in Figure 4. As represented by (1) in this | 5 - " y 
figure, we raised the temperature 70°C each hour | £ 400 7 . 
for 6 hours until 420°C was reached, and then | & = f ® 
performed oven cooling. Degreasing is inadequate | =, Y efor] 
at with this temperature and time, and binder |-7 2 y 
components remained around the molding. With i 100 4 
procedure (2) the temperature was raised at the sg 
same speed to 500°C. At this temperature, there %5 12345 67 8 9 1011 1213 
seems to be a slight amount of residual binder Elapsed time (Hr ) 
judging from the color, but we thing this amount Figure 4. Degreasing Temperature and Elapsed Time 
is not problem even if sintering is performed. In (Oven cooling performed after maximum 
procedure (3) we raised the temperature 60°C an temperature reached) 


hour for 10 hours until 600°C was reached. The 
binder was completely degreased, but in all three 
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cases, (1), (2), and (3), after degreasing the surface of the moldings had a rough feel, thought to be 
due to the degreasing speed being too fast. 


Thereupon, since the temperatures at which decomposition gas was produced during degreasing 
ranged from 240°C to 250°C, in procedure (4) the temperature was increased gradually within this 
range. Even so, however, the skin roughness still appeared on the molding surface. With procedure 
(5), the temperature was raised 50°C an hour for 12 hours to 600°C. As a result, the visible skin 
roughness on the surface of the degreased body visible depending on the heating speed disappeared. 
However, the swelling shown in Figure 5 was observed. The cause of this swelling is conjectured to 
be the expansion of air trapped inside during slip-casting. In these tests the flow-in was conducted 
in air, and the influx of air probably cannot be prevented unless the flow-in is done in a vacuum, as 
in resin vacuum injection operations. Moreover, since the model is made by photofabrication, there 
are fine level differences (steps) all over the surface of the model, and it is easy for air to become 
trapped between the slip and the steps on the model surface when slip-cast flow-in is done rapidly, 
it being easy for air to get inside the slip. 


Sintering was done by maintaining a temperature of 
1550°C for 3 hours. This is a slightly low sintering 
temperature, due to the maximum usable 
temperature of the electric oven, but sintered bodies 
were obtained. In Figure 6 are shown the 
photofabricated model, and the sintered and 
fabricated bodies from Blend 1. Swelling is visible at 
several places on the surface of the sintered body, 
thought to be due to air expansion. 








Sintered body Molding Photofabricated model 





Figure 6. Shape Comparison 





.— 5 ee in Sintered Body Surface 
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5. Test Results 


In Table 4 are noted the density and porosity of the sintered body. With the temperature slightly on 
the low side, many air holes remained, and the sintering density has not risen. However, we believe 
that the density can be increased by raising the sintering temperature. 


Table 4. Sintered Body Density, Porosity 


Test piece volume (cm’) 31.2 
Density (g/cm*) 2.93 
Porosity (vol%) 25.4 


In Figure 7 an enlarged photo of the fabricated model is 
shown. The pattern of contour lines characteristic of 
photofabrication are clearly seen. To find out what 
degree of transfer precision could be attained with this 
slip-cast method, we used a record disc having a finer 
pattern than the model and conducted slip-cast molding. 
In Figure 8 a surface SEM of the sintered product is Figure 7. Surface Photograph of Molding 
shown. The mean granule diameter of the alumina (Grean body) 

material used is a little large at 2 um, so we cannot say 

that the fine patterns in the record sound grooves are transferred with good precision. The results 
of test piece roughness measurements are noted in Table 5. This was 1.8 ym at Rmax, 1.4 ym at Rz, 
and 0.3 ym at Ra. These values should be satisfactory when using photofabricated models. 





Table 5. Surface Roughness of Alumina ay 
Sintered Product af 8 
are 
Rmax 2.8 iat 
Rz 1.4 Date A 
Ra 0.3 Sas 


5. In Conclusion 


We transferred photofabricated models to silicon 
rubber forms, used paraffin in the alumina ceramic, 
heated to 70°C and fabricated slips, performed : 
vibration flow-in molding, and obtained sintered Figure 8. Evaluation of Alumina Slip Transferability 
bodies of alumina ceramic. In these experiments, (Aosta: Record Gah, siatered Saty) 

the molding was done in air, resulting in sintered 

body surface swelling due to the air taken in. We 

think that this swelling can be prevented by using 

vacuum injection. 
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In these experiments, reverse models were made with rubber molds, resulting in cavities, but it is 
possible with photofabrication to make direct cavity shape forms; if a cavity is achieved in the resin 
mold, it will stand up to deformation even under some degree of pressure molding, so it should be 
possible to reduce the quantity of binder further than in these tests. In these tests, only paraffin was 
used as the binder, and degreasing was easy, making it possible to conduct degreasing at a speed of 
50°C per hour. In these tests, the material thickness was about 30 mm, but degreasing should be 
possible even when this is thicker. These experiments have only just begun, so few data are available 
now. We plan to continue the experiments, it being possible to obtain large ceramic sintered bodies 
with methods in which plaster forms are not used. 
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Photofabrication Method Problems and Solutions—Re STL File and Contraction Phenomenon 
94FE0788F Tokyo MOLDING TECHNOLOGY ASSOCIATION in Japanese 20 May 94 pp 39-45 
[Article by Fumiki Tanaka and Takeshi Kishinami, Engineering Department, Hokkaido University] 
[Text] ((FBIS Translated Text)) 1. Introduction 


A new processing method called photofabrication is gradually earning its citizenship as a method 
which facilitates rapid prototyping. Three-dimensional bodies having shapes difficult to process with 
conventional techniques can be handled, and the processing can be done faster and more easily. 
However, all kinds of problems have developed. This is because this is an unconventional processing 
method, and because there is still inadequate interfacing with conventional design and production 
technology. This problem will hinder further widespread use of the photofabrication method. 


The problems involved in photofabrication can be divided roughly between the software problems, 
including data input/output, and hardware problems such 
as process phenomena and laser equipment. In this study, 
we look at the problems connected with STL (stereo 
lithography) files, the typical mode in data input to 
photofabrication systems, the way to solve these 
problems, and the analyze the contraction phenomena 
occurring in photofabrication.' 








Polygonal approximation 





2. STL File Problems and Solutions 








2.1 STL File Problems 





Figure 1. STL File Problems 


When a solid shape is designed on a CAD system, and the 

solid shape then reproduced using stereo lithography technology, based on the shape data from the 
CAD system, the solid shape modelled with the CAD system is generally characterized by free 
curves. In order to design a cross-sectional shape pattern cut at equal intervals in the horizontal 
dimension, using these shape data, one method often used is to approximate the curves with 
numerous polygonal surfaces. Among these polygonal surfaces one may use triangles. STL data is 
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standard data in stereo lithography which uses triangles. However, a problem arises when converting 
from CAD data to STL data. When triangle patches are generated for each curve unit obtained from 
the CAD data, at the junctions between the free curves, gaps (represented as white space in Figure 
1) and overlaps (represented as black space) appear.” In other words, when a complex curved model, 
made up of multiple free curves, is fabricated on the basis of the STL data, a problem arises in 
extracting cross-sectional data at the places where there are gaps or overlaps, and processing 
becomes impossible. This is partially due to the fact that the STL file contains no phase information 
to express connection between apexes or triangles, these being merely stipulated as file 
preconditions. For this reason, when such STL data are input, a human must edit the STL data, filling 
up the gaps and cutting out the overlaps. Even so, another problem arises, namely that even when 
no gap appears on the display, there may actually be no connection. 


2.2 STL Data Reconfiguration Method 


In Figure 2 we have diagrammed the problems discussed in 2.1 above. Specifically, when model 
having multiple curved surfaces is converted to STL data, problems arise when those data are used 
directly. In this research, in order to resolve these problems, we came up with the idea of using the 
STL data to reconfigure triangular patches. More specifically, we came up with a triangular patch 
configuration method based on Delaunay triangular division, as shown in Figure 3. In other words, 
for the point groups obtained from the STL data, triangular division is done anew, and triangular 
patches are reconfigured. When there are gaps between patches, the points are projected on a two- 
dimensional surface, triangular division is done anew in the convex area, and reconfiguration is 
performed. When overlaps appear between the patches, the points are projected in the direction in 
which there is no overlap, and triangular division is done anew in the convex area and reconfiguration 
is performed. 
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Figure 2. Scope of This Research 


With Delaunay triangular division, tnangular patches are generated from any three points in the point 
group while satisfying the two conditions necessary for triangular division. One condition is that 
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straight lines do not intersect except at given points. 
The other is that areas bounded by straight lines be 
triangles. Triangular division is performed while 
satisfying these two conditions. Delaunay triangular 
division also exhibits the following characteristics. (1) 
The characteristics (angle, side length, etc.) of each 
triangular division generated are clear. (2) The results 
of the division do not differ depending on the starting 
point of the triangular division. 


2.3 Delaunay Triangular Division Algorithm 


Delaunay triangular division is defined as follows. "For 
any triangle, within the circumscribed circle thereof no 
point whatever is contained. 


We conduct triangular division using an algorithm 
which follows this definition. In Figure 4, we have 
derived the Delaunay triangular division algorithm with 
the IDEFO expression. 
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Figure 3. STL Data Reconfiguration Method 








Vertex number [ 


Vervex number 


Vertex 





Circus- 


Vertex number 








| r{mim) 





Circumcenter | 
construct 






Distance from 
circumcenter 
to three apexes 








selection 

































Decision 
(okay if ®cr) 














Figure 4. Delaunay Triangular Patch Configuration 


(1) Apex Selection: Any three points are selected from candidate points for configuring a triangle. 


(2) Circumcenter Construct: From the three points selected, the center of the circumscribed circle 
is calculated. 


(3) Minimum Distance Between Circumcenter and Other Points: From the distances r[i}(i=1,2,-~,k) 
from the center of the circumscribed circle to the other points, the minimum value r[min] is derived. 
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(4) Distance From Circumcenter to Three Apexes: The distance from the center of the circumscribed 
circle to the initially selected three points is derived as made r0. 


(5) Decision: r[min] and r0 are compared; with r0<r[min] obtains, the three points are output as a 
triangular patch which satisfies the characteristics of a Delaunay triangle. However, this excludes the 
case were all three points are on the same straight line. 





2.4 Simulation 


Simulation is performed in which triangular patches 
are generated using Delaunay triangular division. This 
proves to be effective as a way to resolve the 
problems. 


The case where there is a gap is depicted in Figure 5, 
and that where there is an overlap in Figure 6. The 
efficacy of this method was demonstrated by the 
foregoing results. 














Figure 5. Simulation Result | 
3. Contraction Phenomenon Simulation (case where there is a gap) 





3.1 Problem of Deformation Associated With 
Contraction Phenomenon 


Moldings fabricated by photofabrication exhibit 
contraction when the resin is cured, and the 
deformation which results therefrom. Contraction 
occurs when the resin hardens because, when the 
molecules undergo photo-polymerization, molecules 
bond with each other, so that the space occupied by 
the molecules in common [sic] decreases. In 
particular, when we try to fabricate a molding having Reconfigured STL model 
thin panels in it as diagrammed in Figure 7, the panels wr 

exhibit upward warping. The appearance of the seochaaiennametas 
deformation phenomena characteristic of 

photofabrication, as shown in Figure 7, is caused by 

the processing method. In photofabsication, the resin hardens and contracts, as the photo- 
polymerization reaction proceeds, sequentially from wherever the laser scan is started. Accordingly, 
the molding sections harden and contract while exhibiting different elasticity modula and coefficients 
of contraction. When this happens, the forces associated with the contraction interact and result in 
the deformation characteristic of photofabrication. At least this is a plausible explanation. 
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In order to overcome the contraction phenomenon 
described in the preceding section, the objects analyzed 
are divided into elements which can be deemed to have 
uniform physical properties such as elasticity modulus, 
coefficient of contraction, and Poisson's ratio. If the 
elasticity coefficient, Poisson's ratio, and force moment 
acting on each nodal point can be known for each 
element of the object analyzed in a period of time t, 
then it is possible to simulate the way the deformation 
takes place using the finite-element method. We next 
discuss modeling the contraction phenomenon and 
deformation simulation. 


We first consider the way the layers are formed by 
laser scanning. For the laser scanning direction, the 
amount of the exposure E,[mJ/cm7] from the part at 
the end of the laser on the resin liquid surface to the 
part which the laser has subsequently passed through, 
when the laser scanning speed is v[mm/s], the diameter 
is d{[mm], and the output is W{mWJ], is given in 
Equation (1) below. 





(1) 


Moreover, the exposure amount prior to the tip for the 
laser scanning direction is 0. At this time, the amount of 
exposure to the resin liquid surface, from the tip of the 
laser to the end, can be assumed to increase linearly. The 
explanation for this is indicated in Figure 8. 


The relationship between the depth of curing formed and 
the exposure on the surface of a photocuring resin 
exhibited by a working curve is linear for InE. Figure 9 











Deformed portion 














Layer thickness w 








Contraction 






































Exposure 
E 0 >t 
Figure 8. Change in Amount of Exposure in 
Laser-Scanned Portions 
Cd(E) = Dp in(E/Ec) 
om Ec:Critical exposure{mJ/cm?] 
E eat DpPenetration depth (mm] 
5 Cdl 
= Cd2 
S Of & EL 2 
Exposure E[mJ/cm2} 











Figure 9. Exposure E[mJ/cm’] 


depicts a working curve, The curing depth formed in the resin within the scope of laser beam 
incidence can be assumed to correspond to this graph. In other words, when the amount of exposure 
from laser scanning is Ep, we believe that, at the place at the end of the laser beam, the resin in the 
range covering the depth D,In(E,/E,) from the resin liquid surface already has begun to exhibit 
photo-polymerization. Such a photo-polymerization reaction is graphed in Figure 10. Here we 
assume the slice interval w and the depth formed by laser scanning to be the same. 
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Based on this approach, we divide a single layer into | Scanning 
elements. Since the laser scanning is done at constant a 
speed, For the laser diameter d[mm], first we equally 
divide the layer along the x axis at d/3 when the laser 
diameter d. At this time, from Figure 10, the curing 
depths become 0, Cd,, Cd,, Cd, at each distance d/3 
from the laser tip, so the layer is divided into three, ——— 

accordingly, along the z axis. We make the exposure Figure 10. Laser Scanning Area Curing 
amounts corresponding to the curing depths 0, Cd., 



















































Cd,, Cd, to be O, E,, E,, Ey. The iayer divided into Layer 
elements in this manner is depicted in Figure 11. | wi 

When elemental division has been done in this manner, —Ponel length L oy —™ 

we can then assume that each element undergoes 

curing and contraction with uniform physical —_ ra a mene 
properties. Furthermore, in the elements divided by | eo [<> 

the element division method corresponding to the | ,, taf | yo4F a 
working curve, the elements that are in the same | ¢> [ae eciee Ulam oee 

position on the z axis are called local layers, whilethe [fe = = 











average of the exposures there is called the mean _ Figure 11. Element Division Corresponding to 
exposure, expressed E,”. At this time, we can assume Working Curve 

that each element in a local layer n will undergo the 

same En’. When the mean exposures in each local layer have been found, we can then find the final 
coefficient of vertical elasticity Y",,, and the final volume contraction coefficient S",, which the 
elements inside the local layer n take. 


We next establish a dynamic model for the elasticity modulus. We call this the elasticity coefficient 
time-variable model. The final elasticity coefficient and exposure taken by the photofabricated resin 
is given by the following formula. 


V(E) = Vou, [1-exp { - B(E/E. - 1)}) (2) 


Here is a parameter peculiar to the resin, and Y,,, is the final elasticity coefficient taken by the 
resin. From Equation (2) we can find the final elasticity coefficient Y",, taken by the local layer n. At 
this time, we define the elasticity coefficient time-variable model for each element in the local layer 
n as follows. 


y"(t)- ¥",, {1 - exp(-a, 9} (3) 


At this time, a, is a time constant for the element in the local layer n. This being so, from the mean 
exposure E,” of the local layer n, the elasticity coefficient time-variable model becomes as 
diagrammed in Figure 12. 
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Next we establish a | ¥;(E) = Yay [1 - exp{-P(E/Ec -1))] Y,(0) = Y fin(E,*) (1 - exp(-a,,t)) 


,: Time constant 


Y in(E0*) 


eetereeereeee 







contraction coeffi- 
cient, and from that 
derive a time-variable 
model for the dimen- 
sional distortion. The 
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coefficient 5", for 
the cured resin are Figure 12. Conversion From Local Layer Mean Exposure to Elasticity Coefficient 


defined as follows. Time-Variable Model 





S(t) = S" {1 - exp(-y, 9} (4) 


In this equation, y, is the time constant in the volume contraction coefficient time-variable model for 
each local layer n. 


Assuming the contraction in the photocuring resin to be isotropic, the distortion €,(t) along the x and 
z axes in each element is given by the following equation. 


e() = */dS(/dt (5) 


All of this can be summarized as in Figure 13. However, since photocuring resins contracted by 
internal stress [sic], it is not possible to directly measure the force of contraction acting on any 
particular point. This being so, we use the approach of equivalent moment force. By so doing, from 
the contraction distortion in an element we can derive the corresponding force at each nodal point. 
The moment force acting on each nodal point in the shape being analyzed is determined by the 
contribution of the moment forces in each element, so we derive the moment force for each unit 
element, then synthesize these at each nodal point to find the overall moment force. If we make 
finite-element calculations of the overall article based on the moment forces determined in this way, 
we can deduce the transition in each nodal point in that period of time. By doing this series of 
calculations repeatedly for a given time period, we can analyze the fabrication phenomena such as 
molding, contraction, and deformation. In Figure 14 is depicted the procedure for a finite-element 
calculation done in a time interval 47. 


4] 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 




















































Salt) = Sfin'En*) (1 - exp-Yq!)) ¢,(1) = 3 Sn 
Yn: Time coefficient dt 
: ‘ ocal layer 
: Sfin(EO ™ — ‘ Local lay 0 
i ae ™ 
83 Leont layer 1 3 Local layer 1 
Le Local layer2 a3 Local layer 2 
>o ; 
52 SfinE2") €,(t) 
Sinfl*) z 
- ioe f 0 Time f 








Figure 13. Conversion From Local Layer Mean Exposure to Volume Contraction 
Coefficient and Dimensional Distortion Time- Variable Models 





3.3 Simulation Results 
Otic rare sree 
Next we describe the computer simulation performed on tion in each tri- 
the basis of the analytical method for thin-panel —— 


deformation problems discussed thus far. 





@ Synthesize moment 


The various characteristic values for the resins used aa oh coms sedel 
were those for the resins actually used in nodal point dieplece- 
photofabrication. In this simulation, we prepared the element method 
following two patterns for each time constant. 

Pattern 1: a0 = yO=al=yl=a2=y2 @ Next, add element(s) 


where curing and 
contraction will 
begin 


Pattern 2: a0 = yO>al=yl>a2=y2 











The simulation results are depicted in Figure 15. Figure 14. Sumalstion Procedure 
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Figure 15. Simulation Results 


4. In Conclusion 
We have herein reported on the problems with STL files, being the typical input data used for 
photofabrication systems, together with the ways of resolving those problems, and an analysis of 
contraction phenomena in photofabrication. 
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Sand-Mold Casting, Precision Casting With Models Made by Photofabrication 

94FE0788G Tokyo MOLDING TECHNOLOGY ASSOCIATION in Japanese 20 May 94 pp 46-52 
[Article by Kiyoyuki Hikita, Kobe Shipbuilding Yard, Mitsubishi Heavy Industries, Ltd.] 

[Text] ((FBIS Translated Text)) 1. Introduction 


The modeling industry, as it relates to sand-mold casting, has become markedly superannuated in 
recent years, and, if things proceed unchecked as they are now, it is predicted that the industry will 
be faced soon with a shortage of skilled workers resulting in decreasing availability of casting 
models. 


Meanwhile, at Mitsubishi Heavy Industries (MHI), in the field of precision casting, we have for quite 
some time used techniques in which simple models are used fabricated from transfer molds based on 
custom models for diverse components produced in small lots. There are problems with this, 
however, both in terms of turnaround time and cost. 


Thereupon, we figured that, if we could fabricate these models, using a photofabrication system to 
fabricate three-dimensional shaped solids completely automatically, curing photocuring resins with 
laser beams under CAD system control, we could then provide a steady supply of models, shorten 
the fabrication time, reduce our dependence on worker skill, resolve the mold expense concerning 
models used for precision casting, and gain turnaround benefits as well. 


Wanting to apply photofabrication technology from the perspectives noted above, we began 
conducting research, in 1989 on loss models for precision casting, and in 1990 and 1991 on loss and 
non-loss models for sand-mold casting. We elucidated the problems, set our targets, and in 1992 
introduced this system and began fabricating various kinds of models. 

We will now introduce the results and the processes in terms of application case studies. 

2. System Overview 


The system introduced by MHI is diagrammed in Figure 1. 
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Figure 1. System Configuration 


3. Basic Data Verification 


In order to ascertain the properties of the photofabrication system, at MHI we assembled the basic 
data for the laser irradiation and lamination conditions. 


(1) Laser Irradiation Conditions 


In order to ascertain the resin curing 
performance, we defined the energy 
density indicated in Equation 1, and test- 
fabricated a number of models while 
varying the energy density by varying the 
laser beam diameter and scanning speed. 
We then subjected the completed models 
to qualitative analysis to see if their resin 
curing conditions and model quality could 
stand up to actual use. In order to obtain 
normal curing without inducing peeling, 
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Figure 2. Energy Density and Model Analysis 


we determined that the energy density must be 1.0 mw/mm’ or higher, as indicated in Figure 2. 


(2) Lamination Conditions 


When a large flat surface is fabricated with photofabrication, depending on the pitch of the laser 
beam scans and the lamination method, the degree of warp and deformation differs. We 
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test-fabricated flat panels under a number of lamination conditions and found that the conditions 
listed in Table | yield relatively good results. 


Table 1. Good Lamination Conditions 
Distance between beams for Ist layer 1.0mm Dimensional precision Warp 


2nd layer 0.55mm = Standard dimension | Measured value 








0.2mm 








3rd layer 0.65 mm 100mm 100mm 

















(3) Z Pitch Conditions 


The finer the pitch is made, the more the surface roughness on the model improves, but the longer 
the fabrication time becomes. Thus the pitch must be determined according to the surface roughness 
desired. Also, when the Z pitch is made wider, resin curing flaws (peeling between curing layers, 
bonding flaws, etc.) readily develop. In Table 2 the representative surface coarseness is indicated for 
models test-fabricated under different laser beam diameters, scanning speeds, and Z pitch. 


Table 2. Model Surface Roug and Z Pitch 





















Laser beam diameter Laser scanning speed 
—— mule . 
0.1 26 
0.50 150 
0.2 71 
0.3 113 
0.1 22 
1.00 200 
0.2 30 
0.3 83 




















4. System Speed-Up Study 


In order to improve the fabrication speed of the photofabrication system and thus raise productivity, 
we conducted a study on the hardware. The results were as follows. 


(1) Factors Influencing Fabrication Speed 


Possible factors include laser power, laser beam diameter, lamination pitch, resin type, and plotter 
movement speed, but the important problem is resin curing. 
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(2) Speed-Up Conditions 
(A) Improving Resin Curing Properties 
It is desirable to achieve immediate-curing with low energy to produce properties of low 
deformation and dimensional variation, but it is not possible to immediately obtain the ideal, 


SO we must depend on the specialty manufacturers' development efforts in the future and 
assume the use of existing products for the present. 


(B) Laser Output Improvement 


In raising the output power, the optical system must be subjected to endurance tests, and in 
our judgment it will not be possible to obtain quick results due to problems of cost, location, 
and turnaround. 


(C) Laser Tube High-Output Suitability 
(D) Improvement in Plotter Mechanical Performance 


Based on the content of (C) and (D), we wondered what would happen if we used a high-output 
laser tube, and how effective it would be to increase the plotter scanning speed. Ignoring other 
incidental problems, we did a study on the process-step reduction ratio based on the existing 
equipment. The results are given in Table 2 [sic]. 


Table 2 [sic]. Process-Step Reduction Ratio 























Laser tube 400 MW 500 MW High 
Plotter W class 
0.6 g Current status - -- Plotter 
1.000 mm/s 
10g (3) «5% -- -- the 
05g -- (5) 12% - | 
1.200 mm/s bottleneck 
10g -- (2) 1% -- 
05g -- -- (4) 14% 
1.700 mm/s Resin the bottleneck 
10g ~ ~ (1) 113% 














As a result, we found that, using the plotter speed of 1,700 mm/S, acceleration of 1.0 g, and high 
output laser tube of Table 2 (1), the process steps are 13% reduced over the current equipment. But 
there are problems. Making the tube suitable for high output is very expensive, and there is no 
demand for the manufacturers to include such a tube. Also, to make the plotter faster and improve 
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the acceleration, it is effective to improve the process-step reduction ratio in the order of (1234) 
in Table 2, but time is required to develop this, and coping with the resin is difficult. When we do 
a trial with the 500 mw tube of (5), with a plotter speed of 1,200 mm/s and acceleration as at 
present, we realize only a 2% reduction, it is impossible to make up for the increase in the laser cost, 
and so we judge that, under the present circumstances, it is best to select the existing equipment and 
conditions. 


5. Problems, Test-Fabrication Results With Models for Sand-Mold Casting 
(1) Necessary Conditions in Models for Sand-Mold Casting 


The necessary conditions in a model for use in sand-mold casting, typified by the wooden model, are 
as follows. 


(A) They have the strength and wear-resistance to stand up under repeated fabrication 
operations. 

(B) Mold removal is easy after fabrication. 

(C) There is little dimensional variation even after prolonged storage. 

(D) They can withstand environmental changes in temperature and humidity. 

(E) The surface roughness is smooth. 

(F) It is easy to apply the mold-separation agent. 

(G) They are easy to repair. 


The problems of strength, easy of mold-removal, model deformation and warp, and repair are 
particularly critical. 


(2) Problems and Countermeasures 

In Table 3 are listed the problems and countermeasure examples that satisfy [sic] the necessary 
conditions for photofabricated models used for sand-mold casting. In conducting this study, we 
assumed a honeycomb structure in the interest of lighter weight and lower material cost. 

(3) Model Strengthening Method 

Using test pieces, we tried out some of the countermeasures, and found that, in terms of strength, 
the sand-mold fabrication operation could be withstood with resin flow-in and model surface coating. 
The details are noted in Table 4. 

(4) Test-Fabrication Results 

We test-fabricated a model based on the results noted in Tables 3 and 4. The test-fabricated model 
is depicted in Figure 3. 
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Table 3 Problems and Countermeasures 


| Problems 


1. Strength 











1-1. Improve model surface [illeg] 
(1) Flow-in 2-[illeg] resin inside model 
(2) Model surface resin coating 
(3) Proper placement of internal reinforcement 
(4) Apply glass cloth permeated with resin onto model surface 


2-1. Suitable model reinforcement measures 
2-2. Promote structure with [illeg} 
2-3. Implement suitable divided structure 
2-4. Implement multiple measures at places which 
will not come off ° 


2. Improved model removal 


3. Model deformation, warp 3-1. After model is fabricated, quickly implement complete curing treatment 


3-2. Fix by joining to other materials, members 
4. Repair 4-1. Adopt technique of applying resin-permeated glass cloth to damaged places 
4-2. Adopt putty resin packing technique for damaged places 













































































Table 4. Model Strengthening Method 
Resin flow-in Photocuring resin surface coa 
Model diagram Spray, brush 
application 
| | — | \ 
| ordi 
Resin 
Resin used Curing-agent-additive type epoxy resin Photocuring resin (epoxy acrylate) 
Advantages ¢ Very efficient ¢ Surface roughness improved 
¢ Can be applied to all model shapes 
Disadvantages ¢ Large flow-in volume ~ Curing contraction, | ¢ Poor efficiency 
thermal deformation ¢ Dimensional variation (+ directional) - 
¢ Cannot be applied to some model shapes Quantitative assessment necessary 
Evaluation ¢ Can be applied partially to extremely thin ¢ Srnaller scale model fabrication - Basically 
surfaces, etc. this technique applied 
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Figure 3. Test-Fabricated Model (Model for outer pump casing) 



































6. Problems, Solutions in Applying to Precision Casting 
(1) Necessary Conditions in Models for Precision Casting 


The necessary conditions for models (loss) used in precision casting, typified by wax models, are as 
follows. 


(A) Has satisfactory surface roughness. 

(B) Exhibits good slurry adherence, no intrusion into model. 

(C) Exhibits model strength during casting fabrication. 

(D) Can be eliminated (lost) during baking without breaking the casting, and permits easy 
residue disposal. 


(2) Problems, Solutions 


In Table 5 are noted problems and solutions which satisfy [sic] the necessary conditions for 
photofabricated models for precision casting. 
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Table 5. Problems and Solutions 

















Problems 

Model 1. Drawings not CAD-ready, time | 1-1. Implement CAD-ready drawings 

fabrication needed to prepare CAD data 1-2. Expand CAD data compatibility 
2. Much time needed in preparing | 2-1. Make CAD data representation more uniform and precise 
data for fabrication of multiple 
[illeg) 

| 3. Insure surface roughness 3-1. Select proper laser irradiation, lamination, Z pitch 

‘Model surface becomes polygonal conditions 


‘Some R parts become edge-cut 3-2. Apply thin paper permeated with photocuring resin to 








‘Surface roughness poor in rein- edge-cuts . 
forcing legs and at outer rein- 3-3. Make reinforcing legs, outer reinforcements very small, 
forcing support points enlarge pitch width 
Casting mold 1. Slurry adhesiveness 1-1. Complete removal of uncured resin 
fabrication 2. Slurry intrusion into model 2-1. Coat non-product areas in tool works 
surfacer 2-2. Surface treatment with surfacer after model completion 
3. Insuring model strength 3-1. Photocuring resins exhibit high strength (bonding 
strength 1.3 kgf/m?, bend strength 4.0-7.0 kgf/m’), use 
hollow honeycomb structure 
Model 1. Casting damage 1-1. Make outline walls thinner 
elimination 1-2. Improve structure installation method with honeycomb 
(loss) structure 


(1) Thinner walls (2) Pitch optimization (3) 
Unidirectional implementation (4) Partial 
abandonment, etc 

1-3. Use honeycomb structure to allow smooth removal of air 
inside model 

1-4. Reinforce casting 

2. Insuring cleanness in casting 2-1. Wash inside of mold with water mold after model 

elimination 


2-2. After drying mold, clean inside with air 

















Furthermore, the model fabrication problem 1.3 in Table 5 is the same as the problem with the 
models for sand-mold casting. 


7. Application Examples 


Based on the findings from the aforesaid studies and test fabrications, after procuring the equipment, 
we began actually using the models in sand-mold casting and precision casting. 


These applications are depicted in Figures 4 through 13. 

The models used for sand-mold casting have mainly been for complex-shaped parts having three- 
dimensional curves. The results were better than expected in terms of both dimensional precision and 
fabrication steps. 
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Figure 8. Full-Size Model of Kaplan Turbine 
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Figure 9 1 /100-Scale Model for Outer Hull 
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Photofabrication Model Applications to Metal Resin Composite MEZ 

94FE0788H Tokyo MOLDING TECHNOLOGY ASSOCIATION in Japanese 20 May 94 pp 53-56 
[Article by Atsuo Ishikawa, director, ‘Zeonraizu (KK)] 

[Text] ((FBIS Translated Text)) 1. Introduction 


So-called resin forms have been researched for many years. Metal powder is fluidized by mixing it 
into a thermo-curing liquid resin such as epoxy resin, and this is transferred to a master model for 
applications in various kinds of molding forms. 


After some 20 years of research, the ZAS forms are now used in a substantial segment of the transfer 
molds, along with aluminum casting molds, metal flame-coating molds, and electric casting molds. 
They are now considered indispensable in metal presses, vacuum and pressure-air molding, foam and 
other RIM molding, resin injection and other FRP molding, and in various kinds of jigs. 


When it comes to plastic molding, however, most of this is done by injection molding. Materials can 
be selected to suit the application from among various kinds of thermoplastic resins and made into 
products. 


In general, plastic products are mass-produced by injection molding thermoplastic resins, with many 
steps required from design to marketable product. First the product design is determined, the exterior 
shape is evaluated, other evaluations and verification tests are then conducted pertaining to 
functionality, safety, durability, and production yield. 


The number of these verification test operations (prototyping operations) is particularly large for 
automotive parts, home electrical equipment, office automation, and communications equipment. 
There is a demand for prototype parts to be made available more cheaply and quickly. 


Multi-model small-lot manufacturing, made necessary by the diversification and individualization of 
consumer demand, has become more important in recent years, as has the increased demand for 
small-lot production to achieve great value added. 


In order to devise a way to resolve these problems, we developed a method of manufacturing resins 
for injection molding using the metal resin composite Quinnet MEZ series, and are now using this 
in a wide range of fields. 
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We here wish to report on the current direction of and future problems with the development of 
applications to resin forms for injection-molding photofabricated models. 


2. Fabrication Process for General Injection-Molding Resins 
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Figure 
3. Quinnet MEZ 200 Properties, Characteristics 


Our product, Quinnet MEZ 200, is a grade which can be used for injection molding. The basic shapes 
and curing properties are noted in Table 1. 


Quinnet MEZ 200, is a composite in which special ultra-fine aluminum powder is set in a binder of 
a highly heat-resistant epoxy resin. It is an epoch-making metal resin composite for molding 
applications which offers many characteristics hitherto unattainable in conventional resin-mold 
materials. 
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Table 1. 
Mixing ratio (by weight) 


Mixing density 


Specific gravity 


Usable time 


Primary curing time: 





Main agent/curing agent: 


poise 25°C: 


Main agent: 


Curing agent: 
Cured object: 


25°C: 
40°C: 


Rockwell hardness R: 

Bending strength kg/cm’: 

Bending elasticity kg/cm?: 

Tensile strength kg/cm’: 

Tensile elasticity kg/cm’: 

Compression strength kg/cm?: 

Compression elasticity kg/cm’: 

Izod impact value kgcm/cm: 

Cure contraction ratio % after primary curing: 
% after secondary curing: 

Thermal conductivity keal/mhr°C: 
cal/emsec°C: 

Coefficient of linear thermal expansion em/cm/°C: 

Load bending temperature S: 

Gia.s transition temperature °C: 





100/6.8 
1,000 
2.3 

1.1 

2.0 


] hour 
30 minutes 


25°C x 12H + 60°C x 3H 


or 50°C x 6 hours 
150°C x 6 hours 





112 


1,200 
130,000 


670 
34,000 


2,600 
40,000 





3 - 3.5 


+0. 10/contraction 
0). 12/expansion 


1.22 
3.4x 10° 


30 x 10° 
2250 


175 - 180 











The properties and characteristics of Quinnet MEZ 200 are discussed below. 


(1) Even though aluminum powder is packed in at 75 wt% or 60 wt%, the mixture liquid of main 
agent and curing agent flows at room temperature, defoams without being heated, and can be 


injection molded. 
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(2) It is a low-curing-heat type which can be cured at ordinary temperatures. Primary modeling up 
to the master model demolding is done by heating at 50°C for 5 to 6 hours, at which point in time 
there is almost no curing heat, so the master model material is not selected. 


(3) As a result of the high packing of the aluminum powder, the thermal conductivity increases, and 
even in the secondary curing after demolding, there is no need for multiple-stage heat curing as with 
conventional materials. After heating for 5 - 6 hours at 150°C, a load bending temperature of 250°C 
or higher and glass transition temperature of 175°C or higher are obtained. 


(4) The primary curing contraction is 0.1% contraction and the secondary curing contraction is 
0.12% expansion. Accordingly, from the master model we have 0.02% expansion. 


(5) Since the contraction ratio is small and the aluminum powder blended in is very fine, injection- 
molded form surfaces exhibit good finishing. The finish on the machined and ground surfaces is also 
good. 


(6) A large amount of aluminum powder is blended in, and, conversely, the amount of resin is small, 
resulting in a thin-film state. Thus resins that conventionally are hard and brittle exhibit flexibility, 
and are ductile like metals. We believe that here we have a material that is relatively resistant to 
mechanical shock, thermal strain, and thermal shock. 


(7) The material exhibits outstanding chemical resistance, and is not penetrated by demolding agents, 
lubricating oils, or cleaning agents. 


(8) The material exhibits outstanding weather-resistance, with no rusting or weathering, so it retains 
its shape for a long time. 


After subjection to weathermeter tests for 1000 hours (equivalent to 3 - 5 years of outdoor 
exposure), the strength retention ratio was 95%. 


4. Master Model Status 


Currently, various kinds of materials are used in the master models for MEZ resin forms. The 
positioning of various kinds of master models is indicated in Table 2. 


Currently, as to master models in cases where MEZ molds are made for injection molding, master 
product models (integrated models of front and back shapes) are made by hand or by NC machining 
from ABS resins or acrylic resins for ordinary electrical components such as housings, ornaments for 
light mechanical units, mechanism structural components, and optically transparent components. 


However, when master product models are fabricated, the extraction gradient and curing contraction 
of the molding material for the master model must be worked in, and an integrated model made 


57 





This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 




















Table 2. Positioning of Various Kinds of Master Models 
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having the front and back shape. Furthermore, the master model must exhibit good dimensional 
precision. This is an extremely time-consuming and costly process. 


On the other hand, when it comes to large automotive components or simple shapes, the master 
models used are usually made of wood, resin, or plaster. In that case, the cost is low because one 
only has the product surface shape with a wood or plaster master, but dimensional precision and 
transfer reliability are low, and there is an increase in the number of steps which must be worked into 
the product shape such as [applying] sheet wax to the base treatment or product surface mold 
(usually a cavity mold). 


Thus there are pros and cons concerning fabrication time, price, dimensional precision, transfer 
precision, surface treatment (to do or not to do), method of demolding, demoldability, etc. Thus the 
master model is selected on the basis of estimates, turnaround, dimensional precision, molding 
volume, product shape, etc. 


Furthermore, considerable skill is currently required in the fabrication of master models, and some 
are voicing concern that these skills may be lost in the future. An urgent task now is the perfection 
of a master fabrication system that can be controlled by numerical data. 

5. Application of Photofabricated Models to Injection Molding 

In the field of models for design approval and mechanism demonstration, shapes can be quickly 


studied and verified using a photofabrication system in which shape-expressing numerical data are 
converted directly into physical shapes. This also facilitates early feeling evaluations. 
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Moreover, advances are being made in substituting these products for models used in manufacturing 
complex medical forms and casting molds, and for the wax molds used with the lost-wax method. 
Good success is already being achieved with master models for vacuum injection molding. 


As a result of conducting research on master models and the simple resin molding method for 


injection molding (MEZ molds) which we are now developing, we are seeing some success, although 
a number of points needing improvement or modification remain. 


Now, by perfecting the system that incorporates photofabricated models and simple resin molding 
for injection molding, not only are we looking at applications in shape studies and confirmation at 
the prototype stage, or evaluation models, but also toward moldings for evaluating and testing the 
actual article, that is, for functionality, safety, durability, etc., and even at the possibility of expanding 
the range of applications for photofabricated models to the small-lot production market. 


6. Future Problems 


We now consider some future problems for study, from the perspective of the resin form material 
manufacturers relative to photofabricated models. 


(1) Surface Shape (Stair Shape) 


When used as resin mold reverse models for injection molding, the stair shape of the risers in three- 
dimensional curves can be raised. 


In terms of current surface treatment methods, we can remove material by cutting or grinding, or fill 
in material with putty, then coat this finally with a urethane product. Thus many steps are required 
in the early treatment stage. 


(2) Material Properties 


It is desirable to use materials which exhibit a balance between strength, toughness, and heat- 
deformation temperature. 


The epoxy systems currently in use exhibit outstanding thermal deformation temperatures, but little 
toughness and excessive brittleness, making them subject to chipping. The urethane systems exhibit 
poor strength and low thermal deformation temperature, and deformation does result when the 
material is injected during reversal and during curing. 


(3) Shape and Dimensional Precision 
In terms of product model dimensions versus design dimensions, there is large disparity in the X, Y, 
and Z dimensions, with dimensions varying within a range of 0.1 to 1%. Moreover, it also seems that 


there are many molding errors in the minus direction due to material curing contraction. 
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We hope to resolve all of these problems and thus 
build a viable photofabrication system by further 
improving the hardware, software, and resin 
materials. 


In Conclusion 


By perfecting a system that comprehends 
photofabricated models and an easy resin mold 
method using injection molding, we believe that we 
have contributed [sic] somewhat to the users’ 
expectations concerning prototype development 
and limited production efficiency in the current 
context of small-lot, short-turnaround production 
resulting from demand diversification. 


For the future we solicit the guidance and 
encouragement of our colleagues in the relevant 
industries. 
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Photo 1. MEZ Injection Molded Forms Fabricated | 
With Photofabricated Models 
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Photo 2. Injection Molding 
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